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METHOD AND APPARATUS FOR A 
SELF-POWERED RFID-READABLE 

PEDOMETER 

FIELD OF THE INVENTION 

[0001] The invention relates to self powered pedometers 
and a system and method of detecting gait abnormalities 
using the same. 

BACKGROUND OF THE INVENTION 

[0002] Pedometers, also referred to as step devices or step 
counters, are generally portable electronic devices Which are 
Worn by a person and are used to count each step the person 
makes. By counting the steps and performing simple calcu 
lations based on a user input stride length, pedometers are 
able to fairly accurately gauge the distance a person has 
Walked or run. Pedometers generally use a pendulum Which 
reacts to the users natural hip movement such that each step 
can be monitored. Pedometers generally have displays to 
alloW users to monitor their progress. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] FIG. 1 depicts several exemplary uses for various 
devices and systems, according to various embodiments of 
the invention. 
[0004] FIG. 2 depicts an exemplary self poWered pedom 
eter device, according to various embodiments of the inven 
tion. 
[0005] FIG. 3 depicts an exemplary self poWered diagnos 
tic device, according to various embodiments of the inven 
tion. 

DETAILED DESCRIPTION 

[0006] According to various embodiments of the invention, 
a device may comprise a pieZoelectric ?lm to generate a 
plurality of deformation signals based upon an associated 
plurality of deformations; an EEPROM to record data asso 
ciated With the plurality of deformation signals; and an trans 
ceiver to receive at least a portion of the recorded data from 
the EEPROM and to transmit data. 
[0007] According to various embodiments of the invention, 
the EEPROM may further comprise an internal clock to gen 
erate timing data. 
[0008] According to various embodiments of the invention, 
the RFID reader may receive the timing data from the internal 
clock. 
[0009] According to various embodiments of the invention, 
the plurality of deformation signals may be used to determine 
a number of steps taken by an individual. 

[0010] According to various embodiments of the invention, 
the pieZoelectric ?lm may be used to poWer the EEPROM. 
[0011] According to various embodiments of the invention, 
the RFID tag may be a passive RFID tag. 
[0012] According to various embodiments of the invention, 
a device may further comprise an accelerometer to generate 
acceleration data to be transmitted to the EEPROM. 

[0013] According to various embodiments of the invention, 
the pieZoelectric ?lm may be used to poWer the accelerom 
eter. 

[0014] According to various embodiments of the invention, 
the device may be removably attached to a shoe. 
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[0015] According to various embodiments of the invention, 
the pieZoelectric ?lm may be con?gured to be deformed by a 
heel and a toe of a user Wearing the shoe. 

[0016] According to various embodiments of the invention, 
the transceiver may be an RFID tag. 
[0017] According to various embodiments of the invention, 
the transceiver may be an NFC device. 

[0018] According to various embodiments of the invention, 
an apparatus may comprise a device, Wherein the apparatus is 
a footWear or a piece of clothing. 

[0019] According to various embodiments of the invention, 
a device may comprise a pieZoelectric ?lm to generate a 
deformation signal, and an RFID tag to receive data from the 
pieZoelectric ?lm and to transmit the data to an external 
device, Wherein the device is a pedometer. 
[0020] According to various embodiments of the invention, 
a device may further comprise an accelerometer. 

[0021] According to various embodiments of the invention, 
the pieZoelectric ?lm may be used to poWer the accelerom 
eter. 

[0022] According to various embodiments of the invention, 
the device may be removably attached to a shoe. 
[0023] According to various embodiments of the invention, 
a device may comprise a pieZoelectric ?lm to generate a 
plurality of deformation signals based upon an associated 
plurality of deformations, a real time clock to generate timing 
data, an EEPROM to record data associated With the plurality 
of compression signals and the timing data, and an tranceiver 
to receive at least a portion of the recorded data from the 
EEPROM and to transmit at least a portion of the received 
data. 
[0024] According to various embodiments of the invention, 
the transceiver may be an RFID tag. 

[0025] According to various embodiments of the invention, 
the transceiver may be an NFC device. 

[0026] According to various embodiments of the invention, 
an apparatus may comprise the device and the apparatus may 
be a footWear or a piece of clothing. 

[0027] According to various embodiments of the invention, 
a device may further comprise a processor to analyZe the 
deformation signals to determine abnormalities in a user’s 
step. 
[0028] According to various embodiments of the invention, 
the deformation signals may be analyZed in relation to the 
timing data. 
[0029] According to various embodiments of the invention, 
a system for diagnosing a user’s gait may comprise a plurality 
of the devices according various other embodiments of the 
invention, the plurality of the devices comprising a ?rst 
device and a second device, a reader to receive data from the 
transceivers of the ?rst and second devices, and a processor to 
receive the data from the reader, Wherein the processor is 
con?gured to analyZe the deformation signals generated by 
the ?rst and second devices. 
[0030] According to various embodiments of the invention, 
the ?rst device and the second device may be removably 
attached to a footWear. 

[0031] According to various embodiments of the invention, 
the processor may be con?gured to analyZe the deformation 
signals generated by the plurality of the devices to determine 
if there is an abnormality in a user’s gait. 
[0032] According to various embodiments of the invention, 
a duration of the deformation signals may be analyZed. 
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[0033] According to various embodiments of the invention, 
an amplitude of the deformation signals may be analyZed. 
[0034] According to various embodiments of the invention, 
an amplitude of the deformation signals may be analyzed 
With respect to the duration of the deformation signals. 
[0035] According to various embodiments of the invention, 
the reader may be an RFID reader. 

[0036] According to various embodiments of the invention, 
a deformation signal generated by the ?rst device and a defor 
mation signal generated by the second device may be com 
pared to diagnose the user’s gait. 
[0037] According to various embodiments of the invention, 
a method of diagnosing a user’s gait may comprise obtaining 
or manufacturing a system according to various other 
embodiments of the invention, transmitting data from the ?rst 
and second devices to a processor, and analyZing the defor 
mation signals generated by the ?rst and second devices. 
[0038] According to various embodiments of the invention, 
a method may further comprise producing data related to a 
user’s gait based on the analyZing of the deformation signals. 
[0039] According to various embodiments of the invention, 
the analyZing the deformation signals may comprise analyZ 
ing a duration of the deformation signals. 
[0040] According to various embodiments of the invention, 
the analyZing the deformation signals may comprise analyZ 
ing an amplitude of the deformation signals. 
[0041] As used in the speci?cation and claims, the singular 
forms “a”, “an” and “the” include plural references unless the 
context clearly dictates otherWise. 
[0042] RFID technology is commonly utiliZed for identi 
fying objects. The heart of an RFID system lies in an infor 
mation carrying tag called an RFID tag, Which functions in 
response to a coded RF signal received from a base station or 
an RFID reader. Typically, an RFID tag re?ects an incident 
RF carrier back to the base station or reader, and information 
is transferred as the re?ected signal is modulated by the RFID 
tag according to its programmed information protocol. 
[0043] Generally an RFID tag has a semiconductor chip 
having RF circuits, various logic circuitry, and a memory, as 
Well as an antenna, a collection of discrete components, such 
as capacitors and diodes, a substrate for mounting the com 
ponents, interconnections betWeen components, and a physi 
cal enclosure. TWo types of RFID tags are generally used, 
active tags, Which utiliZe batteries, and passive tags, Which 
are either inductively poWered or poWered by RF signals used 
to interrogate the tags; passive tags do not use a battery. 
[0044] Generally, passive RF tags contain of tWo basic 
parts: an analog circuit Which detects and decodes the RF 
signal and provides poWer to a digital portion of the tag using 
RF ?eld strength from the reader, and a digital circuit Which 
implements multiple items of tag identi?cation protocol. 
[0045] A radio frequency (RF) identi?cation system gen 
erally consists of an RF reader and a plurality of RF tags. In a 
typical con?guration, the reader utiliZes a processor Which 
issues commands to an RF transmitter and receives com 
mands from the RF receiver. The commands serve to identify 
tags present in the RF ?eld. 
[0046] In some implementations, commands exist to gather 
information from the tags. In more advanced systems, com 
mands exist Which output information to the tags. This output 
information may be held temporarily on the tag, it may 
remain until Written over, or it may remain permanently on 
the tag. 
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[0047] The RF transmitter of the reader generally encodes 
commands from the processor, modulates the commands 
from a base band to the radio frequency, ampli?es the com 
mands, and then passes the commands to the RF antenna. The 
RF receiver receives the signal at an antenna, demodulates the 
signal from the RF frequency to the base band, decodes the 
signal, and passes it back to the processor for processing. The 
reader’s antenna is usually capable of transferring RF signals 
to and from a plurality of tags Within the RF signal range. 
[0048] Radio Frequency Identi?cation is a type of auto 
matic identi?cation method, Which utiliZes storing and 
remotely retrieving data using devices called RFID tags or 
transponders. Chip-based RFID tags generally contain sili 
con chips and antennas. Passive tags generally do not use an 
internal poWer source, Whereas active tags generally do incor 
porate a poWer source. RFID cards, also knoWn as “proxim 
ity” or “proxy” cards, come in three general varieties: passive, 
semi-passive (also knoWn as semi-active) and active. 
[0049] Passive RFID tags generally have no internal poWer 
supply. A minute electrical current induced in an antenna by 
incoming radio frequency signals generally provide enough 
poWer for an integrated circuit (hereinafter, “IC”), eg a 
CMOS based IC, in the tag to poWer up and transmit a 
response. Most passive tags provide a signal by backscatter 
ing the carrier signal received from an RFID reader. In order 
to utiliZe backscattering, the antenna of a passive RFID tag is 
generally con?gured to collect poWer from the incoming 
signal and to transmit an outbound backscatter signal. The 
response of a passive RFID tag is not limited to an ID number 
(eg GUID); many RFID tags contain nonvolatile memory 
devices, such as EEPROMs, for storing data. 
[0050] Because passive RFID tags do not generally utiliZe 
an onboard poWer supply, and because they do not require any 
moving parts, these RFID tags can be very small, and may 
have a nearly unlimited life span. Commercially available 
products exist that may be embedded under the skin of a 
person or animal. For example, RFID tags are commonly 
smaller than 0.15 mm><0.15 mm><7.5 um. RFID tags, such as 
those used by many major retail chains, are often available at 
a minimal cost. The addition of large antennas for speci?c 
applications may result in RFID tags the siZe of a post card, or 
perhaps even larger. Common passive RFID tags may com 
monly be read at distances ranging from about 10 cm to a 
several meters, depending on the chosen radio frequency and 
antenna design/siZe. Due to the simplicity of the design of 
passive RFID tags, the tags may be suitable for manufacture 
using a printing process for the antennas. 
[0051] Non-silicon tags made from polymer semiconduc 
tors, having operating frequencies greater than 13.56 MHZ, 
may be used. These polymer tags may be roll printable, like a 
magaZine, and accordingly may be much less expensive than 
silicon-based tags. 
[0052] Unlike passive RFID tags, active RFID tags gener 
ally have internal poWer sources Which are used to poWer 
incorporated ICs that generate an outgoing signal.Active tags 
may be more reliable (e.g. feWer errors) than passive tags 
because the active tags may conduct a session With a reader 
Where error correction and/ or signal veri?cation may be uti 
liZed. Active tags may also transmit at higher poWer levels 
than passive tags, alloWing them to be more effective in “RF 
challenged” environments such as Water or metal, and over 
greater distances. Many active RFID tags have practical 
ranges of hundreds of meters, and a battery life of up to 10 
years. 
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[0053] RFID tags may be used With humidity, shock/vibra 
tion, light, radiation, temperature, atmospheric and/or other 
sensors. Active tags typically have longer range (approxi 
mately 300 feet) and larger memories than passive tags, as 
Well as the ability to store additional information sent by the 
transceiver. 
[0054] In a typical RFID system, an RFID reader may be 
contain an antenna packaged With a transceiver and decoder. 
The RFID reader may emit a signal activating the RFID tag so 
it can read data from and Write data to the RFID tag. When an 
RFID tag passes through the electromagnetic Zone, it detects 
the reader’s activation signal and is activated. The reader may 
then decode the data encoded in the tag’s IC and may either 
store the data of pass the data to a processor. 
[0055] Depending on the type of system utiliZing the RFID 
reader, application software on a host computer may process 
the data in a myriad of different Ways, e. g. the data may be 
?ltered to reduce redundant readings of the same tag and to 
form a smaller and more useful data set. 

[0056] RFID tags may be used to replace UPC or EAN 
barcodes. Generally, RFID tags have a high data capacity that 
may be used to store a unique code that may be used to 
individually track shipped items, in contrast to bar codes 
Which are limited to a single type code for all instances of a 
particular product. This may help companies to combat theft 
and other forms of product loss. Moreover, the tracing back of 
products is an important feature that gets Well supported With 
RFID tags containing not just a unique identity of the tag but 
also the serial number of the object. This may help companies 
cope With quality de?ciencies and resulting recall campaigns 
and it also assists in post-sale tracking and pro?ling of con 
sumers. 

[0057] A concern surrounding RFID technology is the 
illicit tracking of RFID tags. Tags Which are World-readable 
pose a risk to both personal location privacy and corporate/ 
military security. More generally, privacy organizations have 
expressed concerns in the context of ongoing efforts to embed 
electronic product code (EPC) RFID tags in consumer prod 
ucts. 

[0058] Some RFID systems may utiliZe cryptography to 
prevent tag cloning. Some RFID tags may use a “rolling 
code” scheme, Wherein the tag identi?er information changes 
after each scan, thus reducing the usefulness of observed 
responses. More sophisticated devices may engage in chal 
lenge-response protocols Where the tag interacts With the 
reader. In these protocols, secret tag information is never sent 
over the insecure communication channel betWeen tag and 
reader. Rather, the reader issues a challenge to the tag, Which 
responds With a result computed using a cryptographic circuit 
keyed With some secret value. Such protocols may be based 
on symmetric or public key cryptography. Cryptographically 
enabled tags may have higher cost and poWer requirements 
compared to other tags. 
[0059] An alternate embodiment of the invention relates to 
determining the orientation of packages in a Warehouse. Cur 
rently, Warehouses are able to tell the location of a package by 
attaching Radio Frequency Identi?cation (hereinafter, 
“RFID”) tags to the packages. To determine the orientation of 
the packages, Warehouse employees must physically inspect 
the packages. 
[0060] Manufacturers, distributors and/or retailers have a 
need to track their products, and they conventionally attach 
RFID tags to each product to identify and track their mer 
chandise. By the transmission and reception of radio signals 
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to and from the RFID tags on the products, the products can be 
tracked from the time of manufacture to the time of sale 
Without any direct visual or physical contact With the product 
being monitored. Various information may be stored in an 
RFID tag; for RFID tags attached to products, this informa 
tion typically includes a retail SKU number (e.g., UPCi 
universal product code) identifying the name, manufacturer 
and/or suggested price of the product, a unique serial number 
identifying the product, or a combination of the SKU number 
and the unique serial number. Merchants also use SKU num 
bers to keep track of inventory so that they knoW Which 
products are selling Well and When to reorder products from 
Wholesalers. The unique serial number stored in a RFID tag 
can be a globally unique number or a number assigned in 
series to products manufactured in the same product category. 
[0061] A typical RFID tag on a product includes an antenna 
and a silicon chip containing modulation circuits, control 
logic and non-volatile memory. The silicon chip derives elec 
trical poWer from radio signals received by the antenna or 
from a battery, and is able to exchange data With a RFID tag 
scanner by demodulating and modulating the radio signals. 
[0062] While some users prefer to use a display to con 
stantly monitor their progress, other users prefer to Wear their 
pedometers throughout the course of a day and are more 
interested in their cumulative progress. 
[0063] According to various aspects of the invention, an 
Electrically Erasable Programmable Read-Only Memory 
(hereinafter, “EEPROM”) may be a non-volatile storage chip 
used in computers and other devices to store data. EEPROM 
chips may use serial interfaces to connect to other devices. 
[0064] EEPROMs typically come in a range of capacities 
from a feW bytes to over 128 kilobytes and are often used to 
store con?guration parameters. In some systems, EEPROMs 
have been used in lieu of CMOS nonvolatile BIOS memory. 
For example, in personal computers EEPROMs are often 
used to store the BIOS code and related system settings. 
EEPROMs may be erased electrically in-circuit, and may be 
used for 100,000 erase-Write cycles or more. EEPROMs typi 
cally retain data When poWer is not supplied. 
[0065] Typically, a transceiver is a device that has a trans 
mitter and a receiver Which may be combined. Technically, 
transceivers generally combine a signi?cant amount of the 
transmitter and receiver handling circuitry. Similar devices 
may include transponders, transverters, and repeaters. Gen 
erally, a transceiver combines both transmission and recep 
tion capabilities Within a single housing. The term trans 
ceiver, as used herein may refer to a device, such as an RFID 
tag or an NFC device. These devices may receive data over a 
hardWired connection or a radio frequency connection, as 
Well as through various other types of connection. The 
devices may transmit information over similar of different 
connections. 
[0066] An accelerometer is a device for measuring accel 
eration. Accelerometers generally measure their oWn motion, 
in contrast to devices based on remote sensing. One type of 
accelerometer, is formed as a micro electro-mechanical sys 
tem (hereinafter, “MEMS”) device; and often comprises little 
more than a suspended cantilever beam or proof mass (also 
knoWn as seismic mass) With some type of de?ection sensing 
and circuitry. MEMS Accelerometers are available in a Wide 
variety of ranges up to thousands of orders in magnitude of 
gravity, and are available in multiple axis designs. The 
devices have been used throughout development and practice 
of understanding human kinematic motion and gait. Knowing 
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the acceleration of the component of the human body, one can 
easily perform a temporal integration to arrive at the velocity 
or even the knoW displacement of a body segment. When the 
accelerometers are placed in the shoe of a person the data 
gathered from the device enables the understanding of gait, 
steps taken and abnormality Which may arise in the Walking 
or stance of an individual. 

[0067] Increasingly, loW-cost accelerometers have been 
integrated into commercial, industrial and consumer products 
on an OEM level, making many cost-sensitive monitoring 
applications economically viable. These loW-cost MEMS 
sensors have generally utiliZed a micro-machined silicon 
structure. With recent advances in ceramic processing and 
production, the term MEMS is noW broadening beyond sili 
con to include a neW generation of loW-cost pieZoelectric 
sensors Which rival silicon-based MEMS in price and offer 
distinct performance advantages for many applications. 
[0068] Because pieZoelectric sensors often require less 
complicated circuitry than silicon-based MEMS devices, it is 
possible to achieve loWer noise for a given cost. LoW-imped 
ance PE sensors generally have loWer noise ?oors than either 
VC or PR designs. Recent advances in loW poWer solid-state 
electronics have enabled the manufacture of provide high 
performance sensors With remarkably loW poWer consump 
tion. PE sensors have also been designed to measure frequen 
cies as loW as 0.1 HZ, and as high as 10 kHZs. Furthermore, 
due to the nature of their design, PE sensors can be con?gured 
as monolithic blocks capable of Withstanding extreme shock 
levels. 
[0069] Accelerometers convert motion into measurable 
electrical signals. Three primary technologies are employed 
in loW-cost accelerometer designs: pieZoelectric (PE), 
pieZoresistive (PR) and variable capacitance (V C). PieZo 
electric sensors generally use pieZoelectric crystals (natural 
or ceramic) Which generate a charge proportional to induced 
stress. PR and VC accelerometers generally use micro-ma 
chined silicon structures to create either a change in resis 
tance or a change in capacitance proportional to acceleration. 
[0070] PieZoelectric materials generate an electrical charge 
proportional to stress incurred on the material. PieZoelectric 
thin ?lms are commonly used in transducers to measure force 
loads and pressures. This charge can be measured directly as 
a high-impedance signal (charge mode), or converted into a 
loW-impedance voltage output by internal electronics. Inte 
grated electronics may be used to condition an output signal, 
thereby alloWing for the use of relatively simple electronic 
circuitry. Typically, this electronic circuitry is a variant of a 
Wheatstone bridge of resistors or a simple analog to digital 
gain converter. 
[0071] Simple electrical theory shoWs that the resistance of 
any conductive materials is a function of cross section of the 
material and the length of a signal. Using this physical prop 
erty, strain gage sensors may be used in combination With a 
Wheatstone bridge in Which one or more legs change value 
When strained as the bridge becomes un-balanced. These 
sensors utiliZe applied current and signal-conditioning elec 
tronics. 
[0072] Variable capacitance sensors may be regarded as 
parallel plate air gap capacitors. As acceleration acts on the 
silicon structure, the gap varies, thereby changing the capaci 
tance. The changing capacitance is converted into a measur 
able signal using current detectors. The electronics utiliZed 
for the conversion are quite complex and generally include a 
high-frequency oscillator. 
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[0073] Near Field Communication (hereinafter, “NFC”) is 
a neW, short-range Wireless connectivity technology that 
evolved from a combination of existing contact free identi? 
cation and interconnection technologies. Products With built 
in NFC may simplify the Way consumer devices interact With 
one another, helping speed connections, receive and share 
information and even making fast and secure payments. 
[0074] Commonly operating at 13 .56 MHZ and transferring 
data at up to 424 Kbits/ second, NFC provides intuitive, 
simple, and safe communication betWeen electronic devices. 
NFC is both a “read” and “Write” technology. Communica 
tion betWeen tWo NFC-compatible devices may occur When 
the devices are brought Within approximately four centime 
ters of one another: a simple Wave or touch may establish an 
NFC connection Which is then compatible With other knoWn 
Wireless technologies such as Bluetooth or Wi-Fi. Because 
the transmission range may be relatively short, NFC-enabled 
transactions are inherently secure. Also, physical proximity 
of the device to the reader gives users the reassurance of being 
in control of the process. 
[0075] NFC may be used With a variety of devices, from 
mobile phones that enable payment or transfer information to 
digital cameras that send their photos to a TV set With just a 
touch. 
[0076] According to various embodiments of the invention, 
a device may comprise a pieZoelectric ?lm to generate a 
plurality of deformation signals based upon an associated 
plurality of deformations, an EEPROM to record data asso 
ciated With the plurality of deformation signals, and an RFID 
tag to receive at least a portion of the recorded data from the 
EEPROM and to transmit data. 

[0077] According to these embodiments of the invention, a 
pieZoelectric ?lm may be removable or ?xedly attached to a 
shoe. For example, the ?lm may be placed in the shoe or it 
may be integrated into the shoe. In some embodiments of the 
invention, the pieZoelectric ?lm may be large enough to be 
deformed by both heel and toe strikes of a user. In other 
embodiments, the ?lm may be siZed to record only toe or heel 
strikes. In yet further embodiments, a plurality of ?lms may 
be used to record strikes from different areas of a user’s foot. 

[0078] According to these embodiments, When a user is 
Wearing a shoe having a pieZoelectric ?lm, When the user 
takes a step the ?lm is deformed in some Way. For example, 
the deformation may be a compression of the ?lm of a bend 
ing of the ?lm. When the ?lm is deformed, a voltage is 
generated in proportion to the deformation. This voltage may 
be used to form a deformation signal Which may be transmit 
ted to an EEPROM Which is able to store information related 
to the signal. In some of the embodiments, the stored infor 
mation may simply be a counter that increments every time a 
certain threshold voltage is exceeded, in other embodiments, 
the information may include more detailed information such 
as the exact form of the deformation signal as Well as a timing 
related to the deformation. 
[0079] While a system in Which a device is attached to a 
shoe is described, the invention is not limited to such a sys 
tem. Devices according to various embodiments of the inven 
tion may be used in a variety of Ways. For example, the 
devices may be incorporated into shoes or other footWear, the 
devices may be used in clothing, such as socks, or the devices 
could be attached directly to a user, along With various other 
con?gurations. 
[0080] According to various embodiments of the invention, 
the EEPROM may be poWered by the pieZoelectric ?lm such 
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that the deformation signals are not only recorded, but the 
associated generated voltage is used to poWer the EEPROM. 
These embodiments may also comprise an RFID tag With a 
unique identi?cation number associated With it. As the infor 
mation on the tag is collected from the system, the data may 
be stored in EEPROMs or ?ash memory. Hence, if the device 
comes Within proximity of an external RFID reader, the 
embedded RFID tag is activated and the information con 
tained in the memory is read. This information may be trans 
mitted to the RFID reader through common knoWn radio 
protocols. According to various embodiments of the inven 
tion, the RFID tag is a passive tag that may be charged by an 
external magnetic ?eld or by the voltage generated by the 
pieZoelectric ?lm. 
[0081] In a simple embodiment, the device may be a 
pedometer that merely records a number of steps taken by a 
user based on the deformation signals. According to some 
embodiments, a threshold voltage may be set such that the 
device is able to discriminate betWeen actual steps taken and 
simple shuf?ing of the feet. For example, if a user desired a 
very accurate step count during a run, the threshold level may 
be set at a higher level that Would only be exceeded by 
deformations associated With running rather than smaller 
deformations that may be associated With j ogging in place. As 
depicted in FIG. 1, a second device may be Worn in a user’s 
second shoe. 

[0082] By using tWo devices, more information can be gen 
erated. This information may be used by a variety of people, 
for example runners or other athletes may use these devices to 
help maximiZe their performance, casual Walkers curious as 
to hoW far they have traveled may use the devices to track their 
progress, or elderly or injured users may use the devices to 
help diagnose or predict irregularities in their steps. Data 
gathered using these devices can be analyZed to determine 
Walking ability, standing ability, Walking symmetry, health of 
Walk or gait, the onset of mobility deterioration due to various 
factors and also as a pedometer for ?tness applications. The 
data can also be used to determine over-reliance of one leg 
relative over the other and may provide early detection of 
various physical ailments related to the back, hips and loWer 
body. 
[0083] As shoWn in FIG. 2, a device 200 according to 
various embodiments of the invention, may utiliZe a pieZo 
?lm sensor 201 to generate deformation signals When it is 
deformed. A loW poWer EEPROM 202, Which may be poW 
ered by the pieZo ?lm sensor 201, may be used to record 
information related to the deformation signals. In some 
embodiments, the EEPROM 202 may utiliZe a clock 203 to 
generate timing data Which may be used to supplement the 
deformation data. The device may also use an RFID tag 204, 
Which may be a passive RFID tag, to transmit the information 
to an external reader. The RFID tag 204 may also transmit a 
clear signal CLR to the EEPROM 202 to indicate that the data 
should be cleared from the EEPROM 202. The signal may be 
sent Whenever the currently stored data is transmitted to an 
external processor Where it may be examined. 

[0084] In a more complex embodiment, for example one in 
Which toe strikes and heel strikes are used to generate defor 
mation signals, the device may be used to help diagnose a 
user’s gait or stride to help determine if the user has abnor 
malities that may lead to more sever conditions. For example, 
the time betWeen a toe strike and a heel strike might be used, 
this information may be compared against similar informa 
tion from a user’s other shoe to determine an inconsistency in 
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the user’s gait. Furthermore, the strength of the deformation 
signal may be monitored over time to determine if a user’s 
foot starts to land at a different angle, or if the user is favoring 
one foot over the other. A change in the strength of the signal 
may indicate that the ?lm is being deformed differently, or if 
the ?lm is being compressed from a different angle. Accord 
ingly, any changes or differences in the compression signals 
may be used to help diagnose a user. 

[0085] According to various embodiments of the invention, 
a diagnostic device may comprise a pieZoelectric ?lm to 
generate a plurality of deformation signals based upon an 
associated plurality of deformations, a real time clock to 
generate timing data, an EEPROM to record data associated 
With the plurality of compression signals and the timing data; 
and an RFID tag to receive at least a portion of the recorded 
data from the EEPROM and to transmit at least a portion of 
the received data. 

[0086] According to various embodiments of the invention, 
a device may also include a clock, such as a real time clock, to 
provide timing data Which may be used in association With the 
deformation signals to provide more detailed information to a 
user or to assist in diagnosing the user. The human gait, either 
Walking or running, may be subjected to 4-12 HZ signal 
variations. In order to gain information about a gait Which 
may aide in a diagnostic understanding, it may be helpful to 
determine accelerations Which vary in the tenths of second. 
Typically, silicon devices Which are externally or internally 
clocked for performance do not have the consistency to pre 
cisely differentiate signals to this degree over an extended 
course of time, for example, over a half hour. HoWever, a real 
time clock Which has minimal temporal drift may be added to 
the system increase performance and base knoWledge of gait 
pattern differentiations. As shoWn in FIG. 3, Which depicts a 
device 300 having a pieZo ?lm sensor 301, an EEPROM 302, 
having an integrated clock 303, and an RFID tag 304, a real 
time clock 305 may be used to generate additional timing data 
Which may be used to help diagnose a user’s gait. The real 
time clock 305 may be poWered by a coin cell 306 as shoWn. 
According to other embodiments, the real time clock 305 may 
be poWered by the pieZo ?lm 301. 
[0087] According to various embodiments of the invention, 
data may be transferred from the devices into an external 
processor, Where the data can be analyZed using a softWare 
application and based upon the step time and relative time 
delta betWeen steps, gait can be calculated. In some embodi 
ments, the real time clocks are not synchronized because only 
relative time differences betWeen steps are used for gait cal 
culation and analysis. For example, for the case of an elderly 
Walker, the system could analyZe the relationship betWeen the 
left and right feet and the symmetry of the Walk to determine 
Walk health and distance Walked. Additionally, it could 
optionally incorporate an accelerometer for more complex 
analysis or the counter could be replaced With an analog to 
digital converter to analyZe irregularities in Walking. For 
pedometer applications, the analysis could range from simple 
conversion of steps run to a distance or may optionally incor 
porate more complex analysis such as running symmetry. 
[0088] According to various embodiments of the invention, 
a system for diagnosing a user’s gait may comprise a ?rst 
diagnostic device to be attached into a ?rst shoe, a second 
diagnostic device to be attached to a second shoe, an RFID 
reader to receive data from the RFID transmitters of the ?rst 
and second diagnostic devices, and a processor to receive the 
data from the RFID reader, Wherein the processor is con?g 
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ured to analyze the deformation signals generated by the ?rst 
and second diagnostic devices. 
[0089] According to various embodiments of the invention, 
a method of diagnosing a user’s gait may comprise attaching 
a ?rst diagnostic device to a ?rst shoe, attaching a second 
diagnostic device to a second shoe, Wherein the diagnostic 
devices comprise, a piezoelectric ?lm to generate a plurality 
of deformation signals based upon an associated plurality of 
deformations, a real time clock to generate real time data, an 
EEPROM to record data associated With the plurality of 
deformation signals and the timing data, and an RFID tag to 
receive at least a portion of the recorded data from the 
EEPROM and to transmit at least a portion of the received 
data, transmitting data from the ?rst and second diagnostic 
devices to a processor, and analyZing the deformation signals 
generated by the ?rst and second diagnostic devices. 
[0090] According to various embodiments of the invention, 
a self poWered pedometer device to be removably attached to 
a shoe may comprise a pieZoelectric ?lm to generate a plu 
rality of deformation signals based upon an associated plu 
rality of deformations, an EEPROM comprising an internal 
clock to generate timing data, Wherein the EEPORM is con 
?gured to record data associated With the plurality of defor 
mation signals and the timing data, and an NFC device to 
receive at least a portion of the recorded data from the 
EEPROM and to transmit at least a portion of the received 
data. 
[0091] According to various embodiments of the invention, 
a method of diagnosing a user’s gait may comprise attaching 
a ?rst diagnostic device to a ?rst shoe, attaching a second 
diagnostic device to a second shoe, Wherein the diagnostic 
devices comprise, a pieZoelectric ?lm to generate a plurality 
of deformation signals based upon an associated plurality of 
compressions, a real time clock to generate real time data, an 
EEPROM to record data associated With the plurality of 
deformation signals and the timing data, and an NFC device 
to receive at least a portion of the recorded data from the 
EEPROM and to transmit at least a portion of the received 
data, transmitting data from the ?rst and second diagnostic 
devices to a processor, and analyZing the deformation signals 
generated by the ?rst and second diagnostic devices. 
[0092] Because various embodiments of the invention are 
self poWered by a pieZoelectric ?lm, these embodiments do 
not require the use of batteries and may therefore require less 
maintenance and may be environmentally friendly. 
[0093] According to various embodiments of the invention, 
a device may have a thickness of 5 mils as a result of using 
only silicon passives. A thickness of a device may be deter 
mined by the stack height of the silicon used in constructing 
the device along With the commonly available passives and 
the substrates they are adhered to. These devices may be 
easily incorporated into footWear. 

1-31. (canceled) 
32. A method comprising: 
obtaining or manufacturing the system comprising a plu 

rality of devices, each device comprising a pieZoelectric 
?lm to generate a plurality of deformation signals based 
upon an associated plurality of deformations; a real time 
clock to generate timing data; a non-volatile memory to 
record data associated With the plurality of compression 
signals and the timing data; and a transceiver to receive 
at least a portion of the recorded data from the non 
volatile memory and to transmit at least a portion of the 
received data, a reader to receive data from the trans 
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ceivers of the plurality of devices; and a processor to 
receive the data from the reader; Wherein the processor is 
con?gured to analyZe the deformation signals generated 
by the plurality of devices; 

transmitting data from the plurality of devices to a proces 
sor; 

analyZing the deformation signals generated by the plural 
ity of devices; and 

diagnosing a user’s gait. 
33. The method of claim 32, further comprising producing 

data related to a user’s gait based on the analyZing of the 
deformation signals. 

34. The method of claim 32, Wherein the analyZing the 
deformation signals comprises analyZing a duration of the 
deformation signals. 

35. The method of claim 32, Wherein the analyZing the 
deformation signals comprises analyZing an amplitude of the 
deformation signals. 

36. The method of claim 32, Wherein the transceiver is a 
radio frequency identi?cation (RFID) tag or a near ?eld com 
munications NFC (device). 

37. The method of claim 32, Wherein each of the plurality 
of devices comprises an accelerometer. 

38. The method of claim 37, Wherein the accelerometer is 
selected from pieZoelectric (PE), pieZoresistive (PR) and 
variable capacitance (V C). 

39. The method of claim 32, Wherein at least a ?rst device 
of the plurality of devices is a ?rst shoe and at least a second 
device of the plurality of devices is in a second shoe. 

40. The method of claim 39, further comprising recording 
heel and/or toe strikes. 

41. The method of 40, further comprising a threshold volt 
age and Wherein the threshold voltage is con?gured to dis 
criminate betWeen actual steps taken and shuffling of the feet. 

42. The method of claim 32, Wherein the diagnosing the 
user’s gait comprises comparing data from tWo or more 
devices of the plurality of devices. 

43. The method of claim 42, comprising diagnosing or 
predicting irregularities in their steps, determining Walking 
ability, standing ability, Walking symmetry, health of Walk or 
gait, the onset of mobility deterioration, using as a pedometer 
for ?tness applications, early detection of physical ailments 
related to the back, hips and loWer body. 

44. The method of claim 32, further comprising generating 
timing signals. 

45. The method of claim 40, comprising using heel and toe 
strikes to diagnose a gait or stride to help determine abnor 
malities. 

46. The method of claim 45, comprising measuring the 
time betWeen a toe strike and a heel strike. 

47. The method of claim 37, comprising measuring accel 
eration in tenths of a second. 

48. The method of claim 32, further comprising sending 
data to an external processor. 

49. The method of claim 39, comprising analyZing step 
data based upon a step time and a relative time delta betWeen 
steps. 

50. The method of claim 39, further comprising analyZing 
the relationship betWeen the left and right feet and the sym 
metry of the Walk to determine Walk health and distance 
Walked. 

51. The method of claim 39, further comprising conversion 
of steps run into a distance and/or determining running sym 
metry. 
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52. The method of claim 32, wherein the plurality of 
devices are self powered. 

53. A device, comprising: 
a piezoelectric ?lm to generate a plurality of deformation 

signals based upon an associated plurality of deforma 
tions; 

a real time clock to generate timing data; 
a non-volatile memory to record data associated With the 

plurality of deformation signals and the timing data; 
a transceiver to receive at least a portion of recorded data 

from the non-volatile memory 
and to transmit at least a portion of received data; and 
a processor to analyZe the deformation signals to determine 

abnormalities in a user’s step, 
Wherein the device is a pedometer or gait sensor. 
54. The device of claim 53, Wherein the transceiver is a 

radio frequency identi?cation (RFID) tag or a near ?eld com 
munications (NFC) device. 

55.A system comprising a plurality of devices, each device 
comprising a pieZoelectric ?lm to generate a plurality of 
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deformation signals based upon an associated plurality of 
deformations; a real time clock to generate timing data; a 
non-volatile memory to record data associated With the plu 
rality of compression signals and the timing data; and a trans 
ceiver to receive at least a portion of the recorded data from 
the non-volatile memory and to transmit at least a portion of 
the received data, a reader to receive data from the transceiv 
ers of the plurality of devices; and a processor to receive the 
data from the reader; Wherein the processor is con?gured to 
analyZe the deformation signals generated by the plurality of 
devices; Wherein system is con?gured to transmit data from 
the plurality of devices to a processor, analyZe the deforma 
tion signals generated by the plurality of devices and diagnose 
a user’s gait. 

56. The system of claim 55, Wherein the transceiver is a 
radio frequency identi?cation (RFID) tag or a near ?eld com 
munications (NFC) device. 

* * * * * 


